Abstract
Introduction 18
Atmospheric measurements, which include but are not limited to, speciated volatile organic 19 compounds and other trace gasses, as well as size resolved aerosols are well established in 20 developing countries. However, less emphasis is placed on such environmental issues in 21 developing countries, since resources are mostly utilised for economic growth. For this 22 reason, Africa is one of the least studied regions with respect to air quality (Laakso et al., 23 2006) . South Africa has the largest industrialised economy in Africa and is known for its 24 diverse anthropogenic pollutant sources, which include agriculture, metallurgical and mining 25 operations, coal-fired power generation, petrochemical operations, coal dumps and 26
transportation (Lourens et al., 2011). Unique meteorological conditions are prevalent in 27
South Africa, which include relatively high atmospheric temperatures and solar radiation that 28 increases photochemical activity in the atmosphere, while dominant anti-cyclonic climatology 29 and the presence of low-level inversion layers in winter cause trapping of pollutants (Tyson et 30 al., 1996) . 31 can also be an important source of VOC, especially in southern Africa, where large-scale 7 biomass combustion occurs every year in the dry season (e.g. Crutzen and Andreae, 1990; 8
Crutzen et al, 1979) . However, these emissions are difficult to evaluate, as they are highly 9 dependent on fuel type, humidity and burn rate (Lobert et al., 1990) . Various industries also perform VOC measurements in South Africa to comply with 10 legislation, but these results are in most instances not peer-reviewed and not available in the 11 public domain. 12
To at least partially address the above-mentioned knowledge gap, i.e. very limited data on 13 atmospheric aromatic hydrocarbons in South Africa, measurements were conducted for one 14 year at the Welgegund measurement station. This station was strategically positioned to 15 enable measurements of air masses that have passed over the regional background, as well as nitrogen (100 ml min -1 ) for ten minutes in order to evaporate the methanol. The tubes 10 containing the standards were desorbed and analysed with the same method used for the 11 sampled tubes. Thirteen aromatic hydrocarbons were detected and quantified during this 12 study. 13 toluene also has negative effects on human health, as well as that it is a precursor for O 3 and 30 secondary organic aerosol formation, it should be considered to be included in future South 1 African air quality legislation. The reason for these higher levels of aromatic hydrocarbons observed during these two 26 months will be explored in Section 3. For the entire VOC measurement period, 582 back trajectories were generated. Back 16 trajectory sets, i.e. three trajectories per sampling period, were classified as passing over the 17 different source regions defined in Fig. 3 . For the two anthropogenically influenced source 18 regions, i.e. Area I and II, only back trajectory sets that had passed over one of these source 19 regions were considered. Therefore, back trajectory sets that had passed over both these 20 source regions were not considered in further discussions on the influence of source regions. 21
Ancillary measurements
Back trajectory sets were allocated as passing over the Regional Background if such 22 trajectories did not pass over either Area I or II, or both Area I and II. Taking this into 23 consideration, 86% of all back trajectory sets could be classified as passing over just one of 24 the three source regions defined. 25
In Fig. 4 , the back trajectories of air masses passing over the different source region are 26 presented. 39% of the VOC samples were collected during periods when air mass back 27 trajectory sets had passed over Area II, while 33% and 14% of VOC samples were collected 28 when air mass back trajectory sets passed over the Regional Background and Area I, 29 respectively. The reason for the lower percentage of air masses passing over Area I can be 30 attributed to the persistence of the anti-cyclonic circulation pattern over the interior of South 31 Africa, which favours the arrival of air masses at Welgegund from the north to north-eastern 1 sector. 2
In Fig. 5 , the monthly fractional distribution of VOC samples collected during periods when 3 air mass back trajectory sets had passed over the different source regions is presented. In this 4 figure, air masses that had passed over multiple source regions were defined as mixed. The 5 monthly fractional distribution (Fig. 5) can possibly be used to explain the lack of seasonal 6 pattern observed for the aromatic hydrocarbons (Fig. 2) . During February 2011, more than 7 60 % of the air masses that arrived at Welgegund passed over Area I, which consists of the Considering the high frequency of air masses arriving at Welgegund after passing over Area I 14 during the initial period of the study (Fig. 5) , the relatively high aromatic hydrocarbon levels 15 measured in February 2011 and March 2011 (Fig. 2) can be related to the relatively polluted 16 air masses arriving during this period. Conversely, during the rest of the study, most of the air 17 masses that arrived at Welgegund passed only over Area II and the Regional Background, 18 which corresponds with lower concentrations measured (Fig. 2) . It is therefore postulated that 19 the monthly seasonal cycles presented for the aromatic hydrocarbons (Fig. 2) are not directly 20 related to seasonal patterns in emissions, but rather depend on the origin of the air masses 21 sampled. Any monthly differences are likely to be a result of month-to-month differences in 22 air mass trajectories.
The aforementioned postulation is strengthened by a slight 23 concentration increase of most of the aromatic hydrocarbons observed during August and 24
September 2011 (Fig. 2) , which correlated with an increase in frequency of the arrival of air 25 masses that had passed over Area I (Fig. 5) . 26 The aromatic hydrocarbon concentrations measured for air masses passing over the three 27 source regions are presented in Fig. 6 . As expected, aromatic hydrocarbon concentrations 28 were in general significantly higher for air masses that passed over Area I, which are 29 considered to be more polluted. Air masses that passed over Area II and the Regional 30
Background had much lower aromatic hydrocarbon levels, and were in the same order. The 31 large point sources in Area II are mainly pyrometallurgical smelters (Fig. 2) With the exception of benzene and toluene, the other aromatic hydrocarbons in air masses that 3 had passed over Area II correlated relatively well (r > 0.73) with one another. Although 4 benzene and toluene did not correlate with the other aromatic hydrocarbons, they correlated 5 relatively well (r =0.74) with one another. Therefore, it seems that benzene and toluene had a 6 similar source(s), while the other aromatic hydrocarbons had a different source(s). However, 7 neither benzene nor toluene correlated with CO, as was the case for benzene in air masses that 8 had passed over Area I. Incomplete combustion sources were therefore unlikely to be the emissions being a factor of two higher than night-time emissions. This was attributed to 27 either differences in PAR and/or T between daytime and night-time. As is evident from the 28 and references therein). 14 As indicated in Table 1 , the highest aromatic hydrocarbon ratios were observed for plumes 15 passing over Area I, whereas lower ratios were detected in plumes passing over Area II and o,m,p-xylene (TEX) make up the largest portions of solvents. In Fig. 8 , the concentration 5 ratios of TEX/total aromatics for air masses that had passed over the three sources regions are 6 illustrated. The ratios show a seasonal pattern with the maximum values in summer and 7 minimum in winter. This is similar to the observation made by Rappenglück and Fabian 8 (1999) who reported that the evaporation of solvents makes a greater contribution to 9 atmospheric VOCs during summer. The average temperatures measured during the sampling 10 periods, as presented in Fig. 8 , also indicate a similar pattern than the TEX concentration 11 ratios. This further supports the hypothesis that TEX concentrations are strongly influenced 12 by the effect of temperature on evaporation rates. Although not tested in this paper, it is 13 however also possible that the differences in aromatic hydrocarbon lifetimes between the 14 different seasons could result in the aforementioned temporal pattern. The ranking of the aromatic hydrocarbons according to air mass origin for O 3 formation 1 potential is provided in Table 2 . As indicated (Table 2) formation for air masses that have passed over Area I, with 1,2,4-trimethylbenzene the second 7 largest contributor. The O 3 formation potential of benzene was the lowest, even though it is 8 considered to be the most hazardous compound of the atmospheric aromatic hydrocarbons. 9
As previously stated, the use of solvents (e.g. in paint) is thought to be a major non-traffic 10 source of aromatic hydrocarbons, with toluene, ethylbenzene and o,m,p-xylene (TEX) making 11 up the largest portion of solvents (Brocco et al., 1997). It was also shown that the ratio of 12 TEX/total aromatic hydrocarbons followed a typical seasonal pattern demonstrating the 13 contribution from solvents ( Fig. 8 ) in all three source regions. From Table 2 styrene were also in the same order as that of toluene, these compounds could also be 27 considered for inclusion in such legislation. 28
No statistically significant differences in the concentrations of aromatic hydrocarbons 29 measured during daytime and night-time, or during Tuesdays and Saturdays, were found. 30
This indicated the lack of local sources. However, it should be regarded as an important 31 future perspective to set sampling schedules that would eliminate all possible time-bound 32 biases. This could be achieved with continuous online analysis, which would also enable 
